Mung bean sprouts turn brown during cold storage. Here we showed that heat-shock treatment inhibited this browning by repressing the induction of phenylalanine ammonia-lyase (PAL) activity and the biosynthesis of polyphenols during cold storage. Mung bean sprouts were soaked in warm water at 50℃ for 60 s as heat-shock treatment and then stored at 8℃ for 6 days. Heat-shocked mung bean sprout turned less brown than that of the control sprout. The PAL activity in the control significantly increased during cold storage, while that in heat-shocked mung bean sprouts did not. The polyphenol content in heat-shocked mung bean sprouts was lower than that in the control at 3 and 6 days. There was no significant difference in polyphenol oxidase activity between the control and heat-shocked mung bean sprouts during cold storage. These results show that mild heat treatment inhibited the enzymatic browning of mung bean sprouts by repressing the induction of PAL activity during cold storage and the accumulation of polyphenols.
Introduction
The mung bean sprout is a major bean sprout in most Asian countries including China, Korea, and Japan, and is commonly used in cuisines. These sprouts are usually boiled or stir-fried with other vegetables, meats, fish, and seasonings. While they are a source of protein, potassium, vitamin C, and folic acid, mung bean sprouts are highly perishable with a shelf life limited by both their appearance − easily turning brown or dark in color during cold storage − and microbiological quality.
Heat-shock or mild heat treatment has recently been proven to be a useful method for maintaining the color or inhibiting the discoloration of fresh vegetables, fruits, and minimally processed fresh products during storage. The gradual browning of cut lettuce during cold storage can be repressed by heat-shock treatment, resulting in better quality (Loaiza-Velarde et al., 1997; Murata et al., 2004) . Heat-shock treatment can also repress the decay, softening, and color change of strawberries during storage (Civello et al., 1997) and maintain the green color of broccoli (Funamoto et al., 2002; Funamoto et al., 2006) . In this study, we examined the effect of heat-shock treatment on the browning of mung bean sprouts. Mung bean sprouts are known to contain both polyphenol oxidase (PPO; EC 1.10.3.1) (Takeuchi et al., 1992; Shin et al., 1997) and polyphenols (Strack et al., 1985) . Their browning process is thought to be caused by enzymatic oxidation of these polyphenols or enzymatic browning (Mathew and Parpia, 1971; Martinez and Whitaker, 1995) , but there is little report on the browning of mung bean sprouts during storage. The polyphenol content of fresh mung bean sprouts is very low (Barroga et al., 1985) . However, we suppose that phenylalanine ammonia lyase (PAL; EC 4.3.1.24), one of the key enzymes of polyphenol biosynthesis, is induced during cold storage and that the synthesized polyphenols are oxidized by PPO to form a brown pigment. In cut lettuce, the PAL activity is induced by cutting or injury, which leads to the accumulation of phenolic compounds and enzymatic browning during cold storage (Lopez-Galvez et al., 1996; Ke and Saltveit, 1988; Hisaminato et al., 2001) . Induction of PAL activity can be repressed by heat-shock treatment to inhibit browning of lettuce (Loaiza-Velarde et al., 1997; Saltveit, 2000; Murata et al., 2004) . Heat-shock treatment appears to inhibit PAL mRNA translation (Campos-Vargas et al., 2005) .
Mung bean sprouts may have a similar mechanism for browning as that of cut lettuce, although cutting or injury is not essential for the browning of mung bean sprouts during cold storage. We suppose that mung bean sprouts turn brown by accumulation of newly synthesized polyphenols and their buffer (pH 8.5) containing 1 mM dithiothreitol for PAL. The homogenate was filtered through four layers of cotton gauze, and the resulting filtrate was centrifuged at 12,000 × g for 20 min. The supernatant was used as a crude enzyme.
PAL assay PAL activity was measured by a spectrometric method at 290 nm to detect the increase in cinnamic acid as a product (Siriphanich and Kader, 1985) . The reaction solution consisted of 2.80 mL of 0.5 M boric acid-NaOH buffer (pH 8.8), 0.40 mL of 10 mM L-phenylalanine, and 0.80 mL of the crude enzyme solution. One unit of PAL activity was defined as the amount of enzyme that produced 1 micromole of cinnamic acid in 1 h at 40℃.
PPO preparation PPO was prepared as described by Karthikeyan et al. (2006) with some modifications. Mung bean sprouts (about 50 g) were homogenized in 50 mL of 0.4 M sodium phosphate buffer (pH 7.0) containing 30 mM 2-mercaptoethanol. After filtering through four layers of gauze, the filtrate was centrifuged at 18,000 × g for 15 min. The supernatant was fractionated by ammonium sulfate. The precipitate obtained by 40% to 70% saturated ammonium sulfate was dialyzed against the phosphate buffer and used as a crude enzyme. The enzyme solution (about 3 mL) was frozen and stored at − 20℃.
PPO assay PPO activity was measured by the HPLC method (Hoshino et al., 2011) to detect the decrease in CQA. A reaction mixture that consisted of 1.6 mL McIlvaine buffer (pH 4.0), 0.2 mL enzyme solution, and 0.2 mL of 0.5 mM CQA solution was incubated at 30℃, before 1.0 mL of 8% metaphosphoric acid solution was added to stop the enzymatic reaction at 0 and 0.5 min. The decreased CQA was determined by HPLC. One unit of PPO activity was defined as the amount of enzyme that consumed 1 micromole of chlorogenic acid in 1 min.
Measurements of CQA by HPLC for PPO assay CQA concentration was determined by HPLC. HPLC conditions are as follows: pump, JASCO PU-980 (Tokyo, Japan); column, TSKgel ODS-100V 3 μm (i.d. 4.6 mm × 150 mm; Tosoh, Tokyo, Japan); detector, Hitachi L-4200 (Tokyo, Japan); detection, 325 nm; flow rate, 1.0 mL/min; eluent, 5% acetic acid:CH 3 CN (80:20) .
Statistical analysis Data obtained in the experiment were analyzed by Student's t-test or one-way ANOVA with Statcel software (OMS Publishing, Tokorozawa, JAPAN) on Excel 2003 (Microsoft, Redmond, WA).
Results and Discussion
Estimation of browning and conditions of heat shock treatment As the major edible part of mung bean sprouts is hypocotyls, we mainly estimated the browning of hypocotyls. The degree of browning was estimated by visual evaluaoxidation by PPO. This study applied heat-shock treatment to inhibit browning of mung bean sprouts through repression of the induction PAL activity and accumulation of polyphenols during cold storage.
Material and Methods
Materials Mung bean (Vigna radiate) sprout specimens were purchased from a retail shop in Tokyo between 2009 and 2011 and used for experiments without further storage.
Heat-shock treatment of mung bean sprouts To determine the condition of heat-shock treatment, mung bean sprouts (about 10 g) were immersed in warm water (45℃ for 90, 120, and 150 s; 50℃ for 60, 90, and 120 s; and 55℃ for 30, 60, and 90 s) with shaking, and then cooled by cold water at 4℃. Each sample was wrapped in clear food-grade plastic film (Saran Wrap, Asahi Kasei, Tokyo, Japan), and stored at 15℃ for 24 h. In the other experiments, mung bean sprouts (about 10 g) were immersed in warm water at 50℃ for 60 s and then stored at 8℃ for 6 days or at 15℃ for 3 days.
Estimation of browning of mung bean sprouts The browning of hypocotyls of mung bean sprouts during storage was visually estimated: 0, no browning; 1, slight browning; 2, moderate browning; 3, extreme browning. Scores of samples before storage and 6 days after storage at 8℃ were defined as 0 and 3, respectively. In a measurement by a colorimeter (NF333, Nippon Denshoku, Tokyo, Japan), hypocotyls of mung bean sprout specimens were put on a plastic film with as little chinks as possible and their delta a*-, b*-and L*-values were measured, before delta E-value was calculated. Measurement for a specimen was done at least three times at random. Delta E-value equals the square root of (the square of delta a*-value + the square of delta b*-value + the square of delta L*-value).
Preparation and determination of phenolics Methanol (50 mL) was added to a sample of mung bean sprouts (about 25 g) and homogenized by a homogenizer (Urtra-Turrax T18 homogenizer, Kinematica Inc., Lucerne, Switzerland) for 1 min. After the homogenate was refluxed for 15 min, the filtrate was obtained. This procedure was further repeated twice. The combined filtrate was concentrated in vacuo and adjusted to pH 2-3, before phenolics were extracted with ethyl acetate. After evaporation to dryness, the phenolics were dissolved in 3 mL methanol and determined by the Folin-Denis method. 5-Chlorogenic acid (CQA) was used as a standard for quantification.
PAL preparation PAL was prepared as described by Tanaka et al. (2011) with some modifications. In a cold room (4℃), mung bean sprouts (about 5 g) were cut into small pieces with a knife and homogenized by the homogenizer for 1 min with three times weight of 0.1 M boric acid-NaOH phenol oxidase, the homogenate would immediately turn brown like apple juice. However, this is not the case. Therefore, mung bean sprouts may not contain sufficient amounts of phenolics or PPO activity. To confirm this, we examined the effect of adding phenolics to the sprout homogenate. The homogenate definitely turned brown following the addition of CQA and catechol (Fig. 3) , strongly suggesting that mung bean sprouts has PPO activity but not sufficient amount of tion and a colorimeter. The former method is subjective and the latter is objective. However, the browning of mung bean sprouts is not homogeneous, and as the value measured by a colorimeter was fairly changeable, we measured the values at least three times at random for a specimen by a colorimeter. Figure 1 shows the correlation between the visual score and delta E-value of mung bean sprouts during cold storage. The mung bean sprouts turned brown gradually during cold storage. Both methods of evaluation were significantly correlated (r = 0.96) and their coefficients of variation were similar. Therefore, we decided to use the visual score for evaluation of the browning in this study because of its simplicity and timesaving benefit. In a preliminary experiment, mung bean sprouts heat-shocked under various conditions were stored at 15℃ for 24 h, before the level of browning was estimated. Heat-shock treatment at 50℃ for 60 − 90 s and 55℃ for 30 − 90 s, but not 45℃ for 90 − 150 s, significantly repressed the browning of mung bean sprouts. The condition for heatshock treatment was thus decided at 50℃ for 60 s. Figure 2 shows the effect of heat-shock treatment at 50℃ for 60 s on the browning of mung bean sprouts during storage at 15℃ and 8℃. The level of browning of heat-shocked mung bean sprouts was significantly less than that of the control sprouts during storage. As far as we know, this is the first report on applying heat-shock treatment to regulate the browning of mung bean sprouts during cold storage. In the future, the effect of heat-shock treatment on sensory and nutritional qualities such as taste, aroma, crispness, and vitamin C content and on microbiological safety of mung bean sprouts will need to be investigated.
Browning of homogenate of mung bean sprouts If mung bean sprouts contained large amounts of phenolics and polyRegulation of Enzymatic Browning of Mung Bean Sprout by Heat-Shock Treatment Fig. 1 . Correlation between the visual score of browning and delta E-value of mung bean sprouts during cold storage. Mung bean sprouts were stored at 8℃ for 5days.
Browning of each specimen was estimated by visual sores (0, no browning; 3, extreme browning) and delta E-values measured with a colormeter (n = 5). Fig. 2 . Effect of mild heat treatment on the browning of mung bean sprouts during storage. Mung bern sprouts heat-shocked at 50℃ for 60 s were stored at 15℃ for 3 days (A) or at 8℃ for 6 days (B), and their browning was visually estimated (0, no browning; 3, extreme browning). *P < 0.05, significant difference against the control (n = 5). the control and heat-shocked samples (Fig. 5B ). This profile of mung bean sprouts is almost the same as that of cut lettuce (Murata et al., 2004) . It is supposed that phenolics formed in mung bean sprouts during cold storage are oxidized by the action of PPO and therefore browning is apparent.
Our data support that browning of mung bean sprouts is apparent by the oxidation of synthesized phenolics during cold storage by PPO (Fig. 6 ), but much remains to be clarified in the browning process. We do not know the localization of phenolics and PPO or how the substrate phenolics and the enzyme PPO interacts in mung bean tissue. The induction mechanism of PAL activity during cold storage and the substrate specificity of mung bean sprout PPO to natural substrates such as caffeoyl-and p-coumaroyl-tartronic acids are also unknown.
In conclusion, heat-shock treatment was confirmed to inhibit browning of mung bean sprouts during cold storage. The mechanism of inhibition of browning by heat-shock treatment is through repression of the induction of PAL activity and biosynthesis of phenolics during cold storage (Fig. 6) .
phenolics for enzymatic browning and that CQA and catechol are good substrates of PPO in mung bean sprouts. On the other hand, the addition of dopa and (-)-epicatechin did not stimulate browning, and were thus not good substrates of PPO. The existence of caffeoyl-, p-coumaroyl-and feruroly tartronic acids in mung bean sprouts has been reported (Strack et al., 1985) .
Although caffeoyl-and p-coumaroyl-tartronic acids should be substrates of PPO in mung bean sprouts, no report has confirmed this. Substrate specificity of PPO in mung bean sprouts toward these phenolics should be examined further.
Effect of heat-shock treatment on the change in phenolics during cold storage As the content of phenolics in mung bean sprouts is supposedly low, we examined changes in the amounts of phenolics during cold storage. As shown in Fig. 4 , the amount of phenolics estimated by the Folin-Denis method was increased during storage at 8℃ in the control sprouts but not in heat-shocked ones. This result shows that the biosynthesis of phenolic compounds during cold storage was repressed by heat-shock treatment. In cut lettuce, a similar phenomenon was reported and the mechanism of repression of browning by heat-shock treatment was clearly elucidated (Loaiza-Velarde et al., 1997; Murata et al., 2004; CamposVargas et al., 2005) .
Effect of heat-shock treatment on the change in PAL and PPO during cold storage As the amount of phenolics in mung bean sprouts was increased during cold storage, the change in PAL activity was also examined. PAL is one of the key enzymes of biosynthesis of phenolics. As shown in Fig.  5A , PAL activity was induced during storage in the control. This induction was clearly repressed by heat-shock treatment. In contrast, the PPO activity was relatively constant in both M. nishiMuRa et al. Fig. 4 . Effect of mild heat treatment on the phenolic content of mung bean sprouts during cold storage. Mung bean sprouts heat-shocked at 50℃ for 30 s were stored at 8℃ for 6 days and the phenolic content was estimated by the Folin-Denis method as 5-chlorogenic acid. * P < 0.05, significant difference against the control (n = 3.) Fig. 5 . Effect of mild heat treatment on the PAL (A) and PPO (B) activities of mung bean sprouts during cold storage. Mung bean sprouts heat-shocked at 50℃ for 60 s were stored at 8℃ for 6 days. * P < 0.05, significant difference against the control (n = 3).
